Tracked vehicles equipped with conventional suspension are limited in their ability to achieve high mobility. This limitation is due to the linear characteristics and the consequent poorer ride performance [1][2][3]. Hydro gas suspension due to their inherent non-linear behavior can provide higher mobility and better ride comfort performance [4]. This paper aims to evaluate the characteristics of hydro-gas suspension system and apply this nonconventional system for the armored fighting carrier BMP-1. To achieve this goal, theoretical and experimental studies were carried out. The theoretical study includes modeling of the hydro gas suspension unit mathematically and validation of the developed model using MATLAB/SIMULINK. The experimental measurements are carried out to validate the results obtained from the model. The force, created inside the hydro gas unit during its action, includes the elastic and damping forces, the variation of such force with displacement and velocity of moving part are recorded (obtained). This variation is used as input parameters in the equation of oscillation of vehicle hull to study its vibration response. The obtained results show that the proposed hydro gas suspension system is more acceptable than the conventional one. 
Hydro gas Suspension Unit HSU
Introduction
As the operating speed of high mobility tracked vehicle increases, the vibration induced by rough road condition also increases and it induces fatigue on crew members and many delicate instruments inside the vehicle. Also, vibration in a gun barrel reduces the shooting accuracy. Excessive vibration in high mobility tracked vehicle limits the maximum vehicle speed and consequently reduces the survivability and operational efficiency in combat situations [5] . Consequently, the vehicle suspension system is needed to operate on different kinds of terrain conditions including on roads and off-roads. The mobility performance of high mobility tracked vehicles is often limited by the operator's endurance to withstand the transmitted shocks and vibrations, and his ability to maintain control. With a continual demand for increased power to weight ratio and higher speeds, the present trend is towards the use of advanced suspension systems such as hydro gas or hydro pneumatic suspension. These tend to be lighter and more compact; can be mounted outside the hull, incorporate integral damping arrangements, and offer load-leveling capabilities due to their non linear progressively stiffening spring characteristics [6] . In this type of suspension, gas is used as a spring medium and hydraulic oil is utilized for force transmitting and dampening out the oscillations. The advantage of employing the hydro gas suspension in a tracked vehicle is not only to isolate the primary vibrations induced into the suspension system but also to offer a better ride comfort through nonlinear springing of the gas chamber. The design principle of hydro-pneumatic unit is as the road wheel rises, the axle arm is lifted and this rotates the crank which moves the piston via the connecting rod, the piston displaces oil through the damper valve and moves the separator piston as illustrated in figure (1). The hydrogas suspension unit contains both hydraulic fluid and compressed gas, usually nitrogen [7] , separated by either a floating piston or a flexible diaphragm. The suspension forces are generated by pressure drop acting on the main piston. Damping forces are generated by the flow of hydraulic fluid through constrictions provided by either a damper plate or valve housing, while restoring forces are generated by compression and extension of the gas charge. The mathematical model is developed by deriving the equations describing the dynamic behavior of suspension unit. The following assumptions were considered for developing the mathematical model [8] [9] [10] : 1-The density and bulk , s modulus of oil are constant. 2-Coefficient of discharge (C d ) is assumed constant. 3-The variation of the viscosity of oil is neglected. 4-Negligible leakage flow rate. 5-Polytropic process for the gas compression and expansion.
Fundamental equations [11-14]
The flow rate through the orifices of hydro gas unit is given by the following equation:
While, the Continuity equation in upper chamber is expressed by:
The Continuity equation in lower chamber can be expressed by:
The equation of motion describes the floating piston movement is:
The volume of the nitrogen gas inside the chamber is given by:
Therefore, the nitrogen gas pressure is determined from the equation 
The parameters of the hydro gas suspension unit model are as follows: The previous equations were solved by using simulink program in MATLAB.The input parameters of this program are the displacement and the velocity of the moving part.
Experimental investigation.
The shock absorber dynamic characteristics are evaluated experimentally by measuring the hydro gas suspension unit force versus displacement and velocity. The damper test system type 850 MTS shown in figure (3) is used to measure these parameters. The HSU is subjected to input displacement in the form of sinusoidal signal, with different amplitudes and frequencies representing the road configuration.
Fig. 3. damper test system MTS 850.
The stroke of the hydro-gas suspension unit is measured with vernire caliper and is marked using a mark pin at its mid distance. The upper end of the hydro-gas suspension unit is connected to the load cell in the machine crosshead while the lower end is connected to the actuator cylinder. The crosshead is unlocked so that the piston can be compressed to its mid stroke, and then it is hydraulically locked from the control panel.
The shape of the wave type, frequency and amplitude of excitation are defined as an input data test file. The test file is loaded to operate the machine and execute the predefined test. The damping force is generated and the displacement, velocity of the piston is recorded through the data accusation system.
Test results
The experimental results are shown in figures (4-7); the figures show the variation of the HSU force with the piston velocity and displacement at different frequencies and amplitudes. The amplitude of sinusoidal excitation was varied to be (40, 60, 80, 100, 120) mm while the frequencies of excitation is changed to be (0.5, 1, 1.5, 2, 2.5, 3, 4) Hz. The figures illustrated the test results at (60, 100) mm amplitudes and (1, 2) Hz of frequency.
Effect of excitation frequency.
b) 100 mm amplitude a) 60 mm amplitude Fig. 5 . variation of HSU force with displacement at different frequencies.
Effect of excitation amplitude:
Figure (6) illustrates the variation of hydro gas suspension unit force with velocity at different amplitudes and at frequencies (1, 2) Hz while figure (7) shows the variation of hydro gas suspension unit force with displacement. The hydro gas suspension unit force with positive velocity represents the rebound stroke while the force with negative velocity represents the compression stroke. During the compression stroke, the hydro-gas suspension unit generates lower damping force in comparison with the generated damping force in the rebound stroke. The maximum damping forces in the rebound and compression strokes were found at the middle distance of unit stroke.
It is found that for a low frequency range (0.5 to 4 Hz), the influence of the amplitude and frequency on the hydro gas suspension unit force is very low consequently, it can be neglected. The relation between hydro gas suspension unit force and velocity have a nonlinear form for both rebound and compression strokes. Consequently, the value of the damping coefficient of the hydro-gas unit is not constant.
Comparison between the experimental results and simulation
Figures (8) show the variation of hydro-gas suspension unit force with time, piston velocity, and piston displacement respectively. By comparing the experimental results with those of the numerical simulation. It can be found that there is a good agreement between the two results; accordingly, the numerical simulation can approximately simulate the actual characteristics of the hydro gas suspension unit. The little distortion in simulating results may be due to the compressibility of oil not being very accurate introduced. The research on more accurate mathematical model of the hydro-gas suspension unit will be included in a future work. 
Variation of hydro gas suspension unit force with piston displacement.
The important result obtained from studying the modeled hydro gas suspension unit is that, the force of the hydro-gas unit is a function of piston displacement [15, 16] . Figure ( 9) illustrates the relation between the hydro gas suspension unit force and the displacement of its piston due to sinusoidal displacement input excitation, the equation representing this relation can be obtained using curve fitting as: For different values of the road wheel vertical displacement, it is possible to calculate the corresponding values of hydro gas suspension unit force (required force) and express graphically the relationship between required force and corresponding displacement as shown in figure (10). 
Evaluation of Tracked Vehicle hydrogas Suspension Performance under Periodic Terrains profile.
This section presents the results obtained from the simulation for the suspension performance under sinusoidal road excitations for both studied suspensions (conventional -hydrogas). For this purpose of study, an in-plane dynamic model of a typical off-road tracked vehicle, AFV-BMP, is developed in MATLAB/Simulink environment. Figure (11-a,b ) illustrates a half model of the vehicle with hull mass (m b ) and mass moment of inertia (J y ) is supported by 6 road wheels with mass (m w ) and wheel stiffness (K w ). The model is symmetry about a vertical axis passing through the centre of gravity (C.G) of the hull mass. In addition, it has 8-DOF, vertical bounce & pitch angle associated with hull mass and 6 DOF (vertical bounce) of road wheels. The differential equations governing the suspension model are expressed on the basis of Newton's Second Law of motion. Also, in the development of the model, the following assumptions are considered: 1-The hull body mass element is assumed to be rigid body. 3-The shock absorbers represent the damping elements have constant damping coefficients.
4-The road wheel tyres are assumed to be much more rigid than the torsion bars. 5-The effect of the track on the dynamics of the suspension is not considered. Bounce of i th road wheel:
The proposed hydrogas suspension system is modeled as replacement the conventional suspension by hydrogas suspension unit at each road wheel instead of torsion bar, the equations of motion as follows: Bounce motion of the hull:
F ui ……….HSU force of i th unit, i=1,….,6. J y ……… Hull mass moment of inertia. Pitch motion of the hull:
Bounce of i th road wheel:
All the variables and parameters in these equations are defined in Table 1 which also states their typical values used in the simulations. 
Simulink model

Conclusions
The hydro gas suspension system equipped with the armor personnel carrier BMP-1 instead of the conventional suspension system is studied, the study is based on the studied proposed hydro gas suspension unit dynamic characteristics. The dynamic behavior of hydro gas suspension unit was investigated theoretically and experimentally. The theoretical study included the deduction of a mathematical model describing the hydro gas unit dynamic behavior and the development of a simulation program using the MATLAB package. An input sinusoidal displacement was experimentally applied to the hydro gas suspension unit. The variation of hydro gas suspension unit force was measured for different amplitudes and frequencies of input displacement. The simulation results showed good agreement with the experimental results, which validates the developed simulation program. The proposed hydro gas suspension provides decreasing the amplitude of angular body displacement by compared with conventional suspension. The vehicle hull acceleration with hydro gas suspension is smaller than the conventional suspension by this means that the comfort ability of the vehicle with hydro gas suspension is increased.
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